Polyphosphate-cation interaction in the amino acid-containing vacuole of Neurospora crassa.
The vacuoles of Neurospora crassa, grown in minimal medium, contain a 1:1 ratio of basic amino acids and phosphate, the latter in the form of long-chain, inorganic polyphosphate-P. Vacuoles isolated from cells depleted of polyphosphate retain basic amino acids despite the absence of over 90% of their polyphosphate. Thus, vacuolar retention of basic amino acids is not dependent upon binding to or charge neutralization by polyphosphate. Polyphosphate was found to be the only macromolecular polyanion in vacuoles of normal or phosphate-depleted cells. Gel filtration experiments revealed that about half the polyphosphate of normal vacuoles is bound strongly by vacuolar spermidine, Mg2+, and Ca2+. The polyphosphate thus occupied was not available for basic amino acid binding. We have identified about 90% of the cations of isolated vacuoles; in addition to spermidine, Mg2+, and Ca2+, the cation pool consists mainly of arginine, ornithine, histidine, lysine, and Na+, with a small amount of K+. Isolated vacuoles appear to be almost wholly impermeable to all these ions, and in vivo, vacuoles appear to be highly selective in ion uptake by an active process. The interaction of basic amino acid with the available polyphosphate was found to reduce the chemical activity of the former. In keeping with this effect, cells with abnormally high basic amino acid-polyphosphate ratios displayed greatly swollen vacuoles, indicating considerable osmotic activity of the basic amino acids and their counterions under these conditions.